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® System and method for detection and treatment of ventricular arrhythmias. 



® A method for detecting and treating ventricular 
tachyrhythmias of a patient's heart includes the 
steps of selectively dividing the heart rate continuum 
iato regions including at least two classes of 
tachycardia, contiguous to each other and of pro- 
gressively higher heart rate ranges, the lowest and 
highest of the tachycardia classes being bounded 
respectively by a sinus rate region and a fibrillation 
region of the continuum; selectively adjusting the 
boundaries between the tachycardia classes and be* 
^veen the lowest and highest of those classes and 
the respective sinus rate and fibrillation regions, to 
conrespondingly adjust the rate ranges of the 
classes; selectively detecting cardiac events any- 
where within the continuum and distinguishing be- 
^tween normal and abnormal tachycardias among the 
^detected events; selectively treating a detected ab- 
^ normal tachycardia with any of a multiplicity of ther- 
^apy regimens of differing degrees of aggressive- 
^ness. toward terminating the detected tachycardia; 
^with the improvement of preventing, during selec- 
y)tiv©ly detecting cardiac events, the classification of a 
n ventricular response to atrial fibrillation as a reentrant 
Q ventricular tachycardia. The invention also includes a 
system for application of the method. 
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SYSTEM AND METHOD FOR DETECTION AND TREATMENT OF VENTRICULAR ARRHYTHMIAS 



This applicauon is related to co-pending Eu- 
ropean Appiication Serial No. 0253505, riled June 
15 t987. vvith inventors Haiuska et al. {referred to 
herein as "Haiuska et al" Application). 

The present application pertains to implantable 
cardiac stimulators for detection and treatment of 
ventricular arrhythmias, and corresponding meth- 
ods therefor, and more particularly to a system and 
method ior reliably detecting reentrant ventricular 
tachycardias. 

Although atrial tachycardia (AT) and atrial fibril- 
lation (AF) are generally hemodynamically tolerated 
because the atria contribute relatively little to car- 
diac outout. special treatment may be necessitated 
in cases where the patient is symptomatic or at 
high risK in events of AT or AF. With ventricular 
tachycardia (VT). cardiac output may be signifi- 
cantly diminished because the ventricles, the main 
pumping chambers, are only partially filled be- 
tween the rapid contractions. Moreover, there is a 
high risk that the VT may accelerate into ventricular 
fibrillation (VF). spontaneously or in response to 
treatment of the VT. In that event, there is an 
instantaneous cessation of cardiac output as a re- 
sult of the ineffectual quivering of the ventricles. 
Unless cardiac output is restored almost imme- 
diately, tissue begins to die for lack of oxygenated 
blood, and death. will occur within minutes. 

It is a principal object of the present invention 
to provide improved systems and techniques for 
detecting ventricular tachycardia, and for distin- 
guishing such arrhythmias from normal high rates, 
to assure rapid delivery of appropriate therapy. 

In the Haiuska et al application, an implantable 
cardiac stimulator is disclosed that integrates the 
functions of bradycardia and anti-tachycardia 
pacing-type therapies, and cardioversion and de- 
fibrillation shock-type therapies, to provide a co- 
ordinated approach to the management and treat- 
ment of ventricular arrhythmias, including VT and 
VF. A significant aspect of that approach is to 
provide flexible sequencing among the therapies, 
with appropriate regard to hemodynamic tolerance 
(or intolerance) of the patient to the detected ar- 
rhythmia, and sophisticated detection of arrhyth- 
mias together with means for distinguishing those 
episodes for which treatment is required (such as 
reentrant tachycardias) from those which are not 
associated with cardiac or other disease (such as 
exercise-generated sinus tachycardias). The co- 
ordinated approach of that invention further takes 
into account and deals effectively with the risk of 
acceleration of a tachycardia, as well as with con- 
siderations of longevity of the power source for an 
implantable device, and of patient acceptance of 



the device. 

According to the invention disclosed in the 
Haiuska et ai appiication. a multiplicity of hierarchi- 
cal detection algorithms and hierarchical therapeu- 

5 tic modalities are selectively available to the physi- 
cian and applicable to detect and treat classes of 
ventricular tachycardia according to their respective 
positions in the heart rate continuum, and thus 
according to hemodynamic tolerance or intolerance 

JO of the patient to the tachycardia, with backup capa- 
tMlities of defibrillation and bradycardia pacing for 
cardiac arrhythmias at the respective higher and 
lower regions of che rate continuum. Aggressive- 
ness of the therapy is increased with elapsed time 

;5 and with increasing abnormal heart rate. The physi- 
cian is provided with complete control over the 
aggressiveness of the therapy for a particular pa- 
tient and tachyrhythmia, utilizing a hierarchical ap- 
proach to treatment. The methodology employed in 

20 developing the hierarchy is such that physician 
control is imparted over a wide variety of possible 
therapy regimens ranging from the basic to Ihe 
highly complex, with relatively simple programming 
of the device. 

25 In an embodiment of that invention, the cardiac 

stimulator permits selective partitioning of the heart 
rate continuum into a plurality of contiguous 
tachycardia classes of progressively higher rate 
ranges, the lowest and highest of these classes 

30 being bounded respectively by regions of the con- 
tinuum denoting sinus rate and fibrillation. Each of 
the rate ranges and the latter regions may be 
arbitrarily designated by the physician, as may be 
necessary to meet the particular needs of the pa- 

35 tient's disorder and the flexibility of the therapy 
regimens to be prescribed. The stimulator includes 
a hierarchical detection system for detecting car- 
diac episodes indicative of arrhythmia and for dis- 
tinguishing between normal and abnormal 

ao tachycardias among the detected episodes, using 
criteria of greater or lesser stringency depending 
on the location of the episode in the rate con- 
tinuum. In response to detection of an arrhythmia, 
the stimulator will automatically deliver one or more 

45 therapies according to the physician's exact pre- 
scription (based on various factors including, for 
example, specific patient data, arrhythmia rate, epi- 
sode longevity and acceleration or deceleration). 
The available therapies include bradycardia pacing. 

50 anti -tachycardia pacing, cardioverting shocks, and 
defibrillating shocks, which may be delivered sepa- 
rately or in any combination (according to the phy- 
sician's prescription) to treat the detected arrhyth- 
mia, with an ascending order of aggressiveness of 
the therapy according to the degree of 
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hemodynamic intolerance of the arrhythmia. 

In the invention disclosed (r: the Haluska et al 
application, the hierarchy of algcnthms de\/eloped 
for detecting arrhythmias in the various rate ranges 
may be assigned to make the criteria progressively 
less stringent for detecting episodes in progres- 
sively higher rate ranges, so that the detection 
criteria are relaxed with increasing hemodynamic 
intolerance of the arrhythmia. 

It has been found that in certain circumstances, 
the detection algorithms may incorrectly detect a 
particular ventricular response as a reentrant ven- 
tricular tachycardia. In such instance, the improper 
detection would result in the delivery of the se- 
lected therapy or sequence of therapies to termi- 
nate the VT. when in fact the application of such 
therapy is unnecessary and undesirable. 

Accordingiy. it is another object of the present 
invention to provide detection criteria and algo- 
rithms which avoid the misclassification of ventricu- 
lar activity as a reentrant VT. 

Briefly, according to the present invention, an 
algorithm is added to those ventricular tachycardia 
algorithms employed in an implantable automatic 
cardioverter and/or defribhllator such as the device 
described In the Haluska et ai application, to pre- 
clude the erroneous detection of a ventricular re- 
sponse to atrial fibrillation as a reentrant ventricular 
tachycardia, and thereby to prevent the improper 
delivery of therapy. The algorithms are derived 
from criteria indicative of cardiac events demon- 
strating high rale, sudden onset, rate stability 
and/or sustained high rate. In the case of an al- 
gorithm in which detection is based on high rate 
and sudden onset and rate stability, or sustained 
high rate, the ventricular response to atrial fibrilla- 
tion may produce an apparent sustained high rate 
of the ventricles which deceives the sustained high 
rate criterion and allows such an algorithm to in- 
correctly classify that response as a reentrant ven- 
tricular tachycardia. 

According to the invention, this problem is 
eliminated by use of another detection algorithm 
which adds rate stability to the sustained high rate 
portion of the possibly misclassifying algorithm. 

The above and still further objects, features 
and advantages of the present invention will be- 
come apparent from the following detailed descrip- 
tion of a presently preferred embodiment, taken in 
conjunction with the accompanying drawings, in 
which: 

FIGS, la and 1b are diagrams illustrating 
partitioning of the heart rate continuum into arrhyth- 
mia classes; 

RGS. 2a and 2b are diagrams illustrating the 
assignment (prescription) of exemplary therapy 
regimens to the arrhythmia classes; 

FIGS 3a and 3b are diagrams illustrating the 



designation of detection criteria algcrithms to ihe 
arrhythmia classes; and 

FIG. 4 is a block diagram of an implantable 
cardiac stimulator according to the Haluska et al 
5 application, in which the present invention may be 
employed. 

The present invention is used in the context 
and environment of the invention disclosed in the 
Haluska et al application, which is incorporated 
to herein by reference. For the sake of convenience 
to the reader, however, a relevant portion of that 
disclosure will be presented in summary fashion 
but with sufficient detail for an understanding of the 
present invention. Referring to FIG. la. the heart 
;5 rate continuum is partitioned into a multiplicity of 
regions defining contiguous, successive heart rate 
changes consistent respectively with sinus rhythm 
(SINUS), progressively higher rate ranges asso- 
ciated with VT (TACH-1, TACH-2. and TACH-3) 
20 and to rates associated with VF (FIB). In partition- 
ing the rate spectrum, the rate ranges are repre- 
sentative of degrees of hemodynamic tolerance of 
the patient to the respective cardiac rates, i.e.. in 
the example of RG. la heart rates in the SINUS 
25 region are normal, the ascending order of the three 
VT regions depicts well tolerated, moderately toler- 
ated, and poorly tolerated classes of tachycardia, 
and rates in the FIB region are not tolerated at all. 
By way of example, the lower and upper 
30 boundaries of the TACH-1 region are set at 150 
and 175 bpm, and of the TACH'3 region at 200 
and 275 bpm, thereby defining the rate range of 
the TACH-2 region as well as the upper boundary 
of the SINUS region and the lower boundary of the 
J5 FIB region, as illustrated in FIG. 1b. Each boundary 
rate is programmable by the physician, based on 
the data of the particular patient, and the selected 
rates are stored in computer memory associated 
with the central microprocessor of the cardiac 
40 stimulator. 

In addition, the physician may prescribe any of 
a plurality of basic therapies for treatment of the 
arrhythmias, specify the fine structure of each of 
the therapies, designate the sequence in which the 
45 therapies will be delivered in response to a de- 
lected arrhythmia in any region of the rate con- 
tinuum, and select the algorithms for detecting 
arrhythmias in each region. For example, any of 
four basic therapies may be designated to treat 
50 detected events in each of the arrhythmia classes 
TACH-1. TACH-2. TACH-3. and FIB. The number 
and complexity of the basic therapies and of other 
stored and/or programmable data functions are 
limited only by memory type and capacity in the 
5S cardiac stimulator and associated programming 
unit. 

In one exemplary embodiment of the Haluska 
et at application, the four basic therapies employed 
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are A) ror-aggrsssive pacing bursts. B) aggressive 
oactng bursis. C) carcioverting shocks, and 0) de- 
nbnilating shocks. A particularly simple regimen 
assigns therapy A to TACH-1. 3 to TACH-2, C to 
TACH-3. and 0 to FIB. as shown in FIG 2a. Prefer- 
ably, however, the therapies are delivered in a 
sequence of increasing aggressiveness with in- 
creasing rate of the tachyrhythmia and/or with pas- 
sage of lime for a continuing tachyrhythmia. Refer- 
ring to FIG. 2b. and using exemplary programmed 
line structures for the selected therapies, on de- 
tecting a class TACH-1 VT. the . device initially 
applies a single extra-stinriulus pacing pulse as 
therapy A for ventricular stimulation. If the 
tachycardia continues it is sensed by a redetection 
eilgorithm on completion of delivery of therapy A. 
Thereupon, an autodecremental burst of pacing 
pulses is delivered as therapy B. Unless certain 
therapy control options are selected by the physi- 
cian, as described in the Haluska et al application, 
the sequence A-B will be repeated while the VT 
remains in progress m class TACH-t. up to the 
device's capabiiity for repetitions. 

If the VT accelerates to class TACH-2, a de- 
fault sequence of therapies programmed by the 
physician is instituted for that class {e.g., A-B-C), 
which follows the rule that on acceleration or decel- 
eration of the arrhythmia, the therapy used for the 
old class is ceased and the least aggressive ther- 
apy prescribed for the new class is commenced 
immediately. If a sequence of therapies is pro- 
grammed for the new class, the sequence is deliv- 
ered in the order from least aggressive to more 
aggressive. If the VT had accelerated to TACH-3 
during the therapy for TACH-1, the cardiac stimula- 
tor commences delivery of the therapy sequence 
set for TACH-3. In that instance, an autodecremen- 
tal pacing burst (8) is delivered first, and if that 
fails to terminate the tachycardia, a 2-joule car- 
dtoverting shock (C) is applied. Upon termination of 
the arrhythmia, the therapy regimen is discontin- 
ued. For patients having a tendency to accelerate 
spontaneously from VT to VF, the therapy regimen 
programmed by the physician would generally be 
more aggressive than that for patients without such 
predisposition. 

The partitioning of the heart rate spectrum into 
arrhythmia classes provides, in and of itself, a 
basis for an arrhythmia detection technique: how- 
ever, it is desirable to develop additional informa- 
tion beyond the rate boundaries of these classes to 
more reliably classify the arrhythmia. For example, 
a single cardiac event might be detected in TACH- 
3 which couid be attributable to an isolated pre- 
mature ventricular contraction (PVC) - often ob- 
served in Individuals without heart disease, and not 
the start of a reentrant VT. Moreover, a detection 
scheme based solely on rate ranges might fail to 



distinguish between a sinus VT and a reentrant VT 
because of the possible considerable overlap in 
rates. The caroiac stimulator of the Haluska ap- 
plication employs a reliable arrhythmia detection 

5 technique as follows. 

Because reentrant tachycardias are typically 
characterized by an abrupt onset (in contradistinc- 
tion to a gradual ramping up in exercise-induced 
sinus tachycardias) and a stable high .rate (in con- 

»o tradistinction to the rate fluctuation of exercise 
tachycardias), the foundation of the arrhythmia de- 
tection system is four basic detection criteria, 
namely. 1) high rate (HR), 2) sudden onset (SO), 3) 
rate stability (RS). and 4) sustained high rate 

.'S (SHR). The HR criterion is a high rate run length of 
n consecutive inter/ais at a heart rate exceeding a 
selected base rate, where n may range, for exam- 
ple, from >1 to 255 intervals (beats) at a rate ex- 
ceeding the boundary rate separating the SINUS 

so and TACH-i classes. Thus, if n is programmed to 
be 6 and the tower boundary "rate for TACH-1 is 
programmed to be 100 beats per minute (bpm). 
HR is satisfied if the patient's heart rate exceeds 
100 bpm over the course of at feast 6 consecutive 

25 beats. 

The SO criterion consists of a physician-pro- 
grammed step increase (delta change) in the heart 
rate, and is satisfied if the patient's heart rate 
suddenly iumps by an amount exceeding this delta. 

jO The RS criterion consists of two physician- 

programmed factors, one being a run length of n 
consecutive intervals exceeding a selected base 
rate, and the other a specified rate stability delta. 
RS is satisfied if the patient's heart rate exceeds 

35 the specified base rale (which typically may be the 
minimum boundary rate for the TACH-1 region) 
over n consecutive beats, and that heart rate does 
not vary by more than the specified delta rate over 
those n conseicutive beats. 

40 The SHR criterion Is analogous to HR except 
that the specified run lengths differ. SHR specifying 
a considerably longer run length n than that used 
for the HR criterion. ~ 

These four basic detection criteria are com- 

•15 bined by Boolean logic into nine tachycardia detec- 
tion algorithms, viz., 

1 . high rate (HR); 

2. high rate and sudden onset (HR and SO); 

3. high rate and sudden onset, or sustained 
so high rate ({HR and SO] or SHR); 

4. high rate and rate stability (HR and RS); 

5. high rate and rate stability, or sustained 
high rate ([HR and RS] or SHR); 

6. high rate and sudden onset and rate sta- 
55 bility (HR and SO and RS); 

7. high rate and sudden onset and rate sta- 
bility, or sustained high rate ([HR and SO and RS] 
or SHR); 
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8. high rate and either sudden onset or rate 
stability (HR and [SO or RSI): 

9. high rate and either sudden onset or rate 
stability, or sustained high rate {{HR and (SO or 
flS)} or SHR). 

Algorithms containing SHR are utilized because 
it is possible that the other algorithms may specify 
criteria too stringent to allow the respective com- 
posite algorithm to be satisfied by a reentrant 
tachycardia; SHR acts as a "safety valve" to detect 
persistent high rate activity as a reentrant VT. For 
example, if a tachycardia is detected and HR is 
satisfied but SO and/or RS are not. satisfaction of 
SHR will trigger the selected therapy. Nevertheless, 
it has been found that a ventricular response to 
atrial fibrillation may be classified, incorrectly, as a 
reentrant VT by algorithm 7 above. The atrial fibril- 
lation can result in a sustained high ventricular rate 
which deceives the SHR criterion, resulting in erro- 
neous detection of a reentrant VT. According to the 
present invention, this problem is eliminated by 
adding an algorithm to the above list of tachycardia 
detection algorithms which will assure that ventricu- 
lar response to atrial fibrillation alone is not de- 
tected as a reentrant VT. In particular, the ventricu- 
lar response to AF does not evidence rate stability, 
so a tenth detection algorithm is provided: 

10. high rate and sudden onset and rate 
stability, or sustained high rate and rate stability 
(HR and SO and RS] or (SHR and RS]). 

The arrhythmia detection algorithms are used 
for deciding that the detected evidence is sufficient 
to declare that a reentrant tachycardia is in 
progress. In essence, these algorithms serve to 
distinguish between arrhythmias which should be 
treated by the device and those which should not 
be treated. The detection technique applies the 
principle that the algorithm stringency should de- 
crease with increasing rate and thus with increasing 
hemodynamic intolerance of the arrhythmia. In the 
preferred embodiment described in the co-pending 
Haluska et al application, the physician may speci- 
fy three different detection algorithms, each for a 
different tachycardia class, the most stringent de- 
tection algorithm of those specified being assigned 
to the tachycardia class having the lowest rate 
range, and the progressively more relaxed detec- 
tion algorithms being assigned to the successively 
higher rate rang© classes. Thus, if a highly strin- 
gent detection test applied to the TACH-1 region 
results In inconclusive evidence as to whether a 
reentrant tachycardia is In progress, and a mod- 
erately stringent test applied to the TACH-2 region 
is satisfied, the evidence is compelling that a reen- 
trant VT is indeed in progress. 

By way of example. FIG. 3a illustrates the 
selection of detection algorithms for the tachycar- 
dia classes TACH-I. TACH-2. and TACH-3 of FIG. 



la. The most stringent of the algorithms depicted 
in FIG. 3a. HR and SO and RS. is assigned to the 
TACH-1 region; and the most relaxed test. HR is 
assigned to the TACH-3 region; and a moderate 

5 test intermediate the other two, HR and RS, suf- 
fices for the TACH-2 region. 

The number of detection criteria is reduced for 
purposes of redetection following initial screening 
of the VT, because of the need to deliver the next 

w therapy as quickly as possible, if the VT is still in 
progress and also because less stringent detection 
criteria will provide suitable compelling evidence of 
the continuing VT. Any criterion which is no longer 
applicable Is discarded from use in redetection. For 

rs example, the SO criterion is not viable after initial 
detection of a VT. so it is eliminated for purposes 
of redetection of the progress of that VT. Similarly, 
the SHR criterion is of no value for redetection. 
once having identified a VT in progress, so al- 

20 gorithms 2,3. and 5 through 10. inclusive, of the 
above list are eliminated for purposes of redetec- 
tion. 

HR (algorithm i). and HR and RS (algorithm 4). 
are the only remaining tests suitable for redetection 

25 criteria. Each of HR and RS is useful in both initial 
screening and redetection. and each is assigned 
two separately programmable n's, namely ni (for 
initial detection) and nr (for redetection). because 
for HR a rather long run of consecutive high rate 

30 Intervals (ni) may be deemed necessary for reliable 
initial detection of a VT but a relatively shorter run 
length (nr) will suffice for redetection. and similarly 
for RS,~a shorter run of consecutive high rate 
intervals (nr) of relatively invariant rate is suitable 

35 for redetection compared to the run length (ni) 
used for the initial screening. 

As with the initial screening algorithms, the 
physician may program a different redetection al- 
gorithm for each of the VT classes. In the scheme 

40 illustrated in FIG, 3b, the more stringent redetection 
algorithm HR and RS is assigned to class TACH-1, 
and the more relaxed redetection test HR is as- 
signed to each of the TACH-2 and TACH-3 classes. 
A different set of basic criteria is provided for 

45 purposes of detecting fibrillation, namely, fibrillation 
rate (FR) which is somewhat analogous to the HR 
criterion for tachycardia detection, but a run length 
of n consecutive intervals must occur at a heart 
rate" exceeding the rate at the upper boundary of 

50 the highest VT region of the rate continuum for FR 
to be satisfied: and F x/y, which specifies that x 
fibrillation rate intervals must occur within y con- 
secutive intervals. The latter criterion detects VF 
despite the characteristic erratic heart rate and 

55 widely variable signal amplitude. To insure that an 
erratic, high rate, hemodynamically compromising 
arrhythmia is rapidly detected, and to bias the 
detection in favor of VF and away from a TACH-3 
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^rr, acditional rules applied tc the VT and VF 
detection criteria are describee in detail in the co- 
pending Hatuska et al application. 

The t'/^o basic fibrillation detection criteria are 
combined by Boolean logic into three VF detection 
aigoriihms, viz.. 

1. fibrillation rate (FR) 

2. fibrillation x out of y (F x/y) 

3. fibrillation rate or fibrillation x out of y (FR 
or F :<. y) 

After detection ot an arrhythmia in one of the 
TACH or FIB classes, and in response, the delivery 
of the prescribed therapy sequence, the implanted 
stimulator assesses whether sinus rhythm has been 
reestablished in a manner described in the Haluska 
et al application. 

The cardiac stimutator in which the present 
invention may be used is implantable and includes 
a therapy generator for detecting and distinguishing 
the significance of the patient's cardiac activity, 
and responsive to abnormal arrhythmias for gen- 
erating and managing the delivery of pacing and 
shock therapies, and lead/electrode assemblies for 
sensing cardiac activity and for delivering the re- 
spective pacing and shock impulses to the pa- 
tient's heart, each as described in detail in the 
Haiuska et.al application. Referring to FIG. 4. the 
therapy generator includes a section 10 comprising 
a central microprocessor with associated memory 
capacity including random access memory (RAM) 
and read only memory {ROM), for processing and 
storing the data necessary for the purposes de- 
scribed above. Section 10 is bidirectionally coupled 
to a programming and data transmission section 14 
to transmit data to receiving and monitoring equip- 
ment for analysis and assessment of the cardiac 
functions of the patient and the operating condition 
of the implanted device, and for receiving program 
instructions and data from the external program- 
mer, via an implanted antenna 17. 

A crystal oscillator 20 electrically coupled to 
section lO provides precise timing signals for sys- 
tem operation. Reed switch 22 is also electrically 
connected to section 10 to pemnit limited external 
control by the patient of programmable functions, if 
permitted by the physician, by using an external 
magnet to control actuation of the switch. 

A sense amplifier section 25 including auto- 
matic gain control and bandpass filtering is coupled 
to section 10 for transmitting ECG signal informa- 
tion to the microprocessor and for receiving control 
signals from the microprocessor. The sense am- 
plifier is also connected to data transmission sec- 
tion 14 so that the ECG telemetry signal informa- 
tion may be supplied via the latter to external 
monitoring equipment. A quad comparator within 
section 25 provides the link for converting the ECG 
sense signal information obtained from the sensing 



eiectrode(s) and processed by the sense amplifier 
into digital information suitable for use by the 
microprocessor. The microprocessor is within a 
feedback loop of the sense amplifier to provide 

5 improved automatic gain control. The sense am- 
plifier enhances the ECG signals to aid the tracking 
of signal content of rapidly varying amplitude, such 
as fibrillation signals. In addition, bandpass filtering 
provides a dual function of (1) reducing the am- 

'0 plitude of signals outside the frequency band of 
interest and (2) further amplifying the iow frequen- 
cy (e.g.. fibrillation) signals within that band in the 
absence of normal R-waves. 

The power source section 28 of the overall 

rs stimulator system comprises high rate battery cells, 
a voltage regulator and a priority power sequencer. 
The voltage regulator circuit has a voltage divider 
to provide a 3:1 reduction if three celts are used in 
series, or a 2:1 reduction if only two cells are 

20 employed, to improve power source efficiency. The 
priority power sequencer assures adequate power 
is made available to essential circuit functions, e.g., 
the control logic, during periods when there would 
otherwise be high current drain on the cells, such 

25, as during charge up of the high voltage capacitors 
in preparation for the delivery the defibrillating or 
cardioverting shock therapies. 

The pacing section 31 of the system includes a 
voltage multiplier and output section, the former 

30 serving to scale up the regulated supply voltage 
from power source section 28 by multiples of one. 
two or three. The output section provides the out- 
put switching from this scaled voltage to deliver the 
pacing stimuli to the patient's heart via the pace- 

35 maker circuit including cathodic stimulating and 
anodic reference electrodes, under the control of 
the microprocessor. 

An analog rate limit circuit 35 between 
microprocessor/memory section 10 and pacing 

40 section 31 is employed to controllably limit the 
pacing rate, to safeguard against pacemaker 
runaway in the event of failure of the crystal oscilla- 
tor circuit, but the rate iimiter is automatically dis- 
abled whenever an intentionally high rate of pacing 

45 pulses is required, such as during the generation of 
a burst pacing therapy. 

The leads for the pacing and sensing elec- 
trodes are electrically monitored by 
isolation/protection section 37 to protect low volt- 

50 age. low power components of the stimulator from 
the high voltage of the defibrillating shocks gen- 
erated by the stimulator or applied from an external 
defibrillator that may be used on the patient during 
emergency medical procedures. 

55 The cardioverter/defibrillator shock therapy por- 

tion of the stimulator includes an isolated high 
voltage generator and output section 40. The volt- 
age generator circuitry includes a high voltage os- 
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:illaior coupied via an isolation transformer to out- 
put capacitors for charging the capacitors to if.e 
-equired voltage levels for the cardioverting and 
defibrillating shocking pulsas. under the control of 
(he microprocessor. 

A low power analog-to-digital (AD) converter in 
section 40 is utilized to nnonitor the voltage on the 
capacitors, to permit the microprocessor to set the 
desired high voltage output level in accordance 
with the physician-programmed fine structure en- 
ergy content of the applicable shock therapy. Moni- 
toring of the capacitor voltage also allows the 
microprocessor to measure the residual charge on 
the capacitors after delivery of each output pulse, 
and thereby to estimate the amount of energy 
consumed in the delivery for ongoing assessment 
of remaining capacity of the battery cells. In addi- 
tion, the A/0 converter input circuit may be 
switched by the microprocessor for connection to 
the power source section 28 to rrionitor the battery 
voltage, and thereby determine the present con- 
dition of the cells. 

Output section 40 also contains level shifters 
and isolation transformers to convert the 
microprocessor-supplied low level logic control sig- 
nals to the control signal levels required to drive 
the output switches of that section. The output 
switches themselves are of low "on" impedance 
and capable of handling the high voltages and 
currents being generated, to control the delivery 
and polarity of each output pulse. A short circuit 
protection circuit is provided in output section 40 to 
open the output circuit in the event that the current 
through that circuit rises above a predetermined 
ievel. thereby preventing discharge of the capaci- 
tors into a very low impedance - such as if the 
defibrillator patch electrodes were shorted - and 
protecting the output switches from overstress and 
potential destruction. 

Although a presently preferred embodiment of 
the invention has been described herein, it will be 
apparent to the reader skilled in the field to which 
the Invention pertains, that variations and modifica- 
tions of the described embodiment may be made 
without departing from the true spirit and scope of 
the invention. Accordingly, it is intended that the 
invention be limited only to the extent required by 
the appended claims. 



Claims 

1 . In a cardiac stimulator for detecting and 
treating ventricular tachyrhythmias of a patient's 
heart, characterized in that the stimulator includes 
means for selectively dividing the heart rate con- 
tinuum into regions including at least two classes of 
tachycardia, contiguous to each other and of pro- 



gressively higher rate ranges, the owes: and high- 
est of the tachycardia classes being bounded re- 
spectively by a sinus rate region and a fibrillation 
region of the continuum; 

5 means for selectively adjusting the boundaries be- 
tween the tachycardia classes and between -.he 
lowest and highest of those classes and the re- 
spective sinus rate and fibrillation regions, to cor- 
respondingly adjust the rate ranges of the ciasses 

10 in a desired manner; 

means for selectively detecting cardiac events any- 
where within the continuum and for distinguishing 
between normal and abnormal tachycardias among 
the detected events; and 

15 means for selectively treating a detected abnormal 
tachycardia with any of a multiplicity of therapy 
regimens of differing degrees of aggressiveness, 
towards terminating the detected tachycardia: 
the improvement comprising means included in 

20 said detecting means for preventing the classifica- 
tion of a ventricular response to atrial fibrillation as 
a reentrant ventricular tachycardia. 

2. The improvement according to Claim 1. 
characterized in that the detecting means is prog- 

25 rammable to selectively establish criteria to detect 
each of the cardiac events of bradycardia, 
tachycardia, fibrillation, and reversion to sinus rate. 

3. The improvement according to Claim 2, 
characterized in that the criteria selectively estab- 

30 lished by the detecting means to detect tachycar- 
dia include high heart rate, sudden onset of the 
high rate, stability of the high rate, and sustained 
high rate, 

4. The improvement according to Claim 3, 
IS characterized in that the detecting means if further 

programmable to selectively establish algorithms 
form said criteria, wherein at least one of said 
algorithms classifies ventricular cardiac events as 
reentrant tachycardias based on whether the vent 

^0 satisfies a portion of the said at least one algorithm 
consisting solely of the sustained high rate criterion 
or another portion of the said at least one algorithm 
consisting of one or more of said criteria other than 
sustained high rate. 

45 5. The improvement according to Claim 4, 
characterized in that said detecting means com- 
prises means selectively establishing a new al- 
gorithm corresponding to said at least one algo- 
rithm except that the portion consisting solely of 

50 the sustained high rat© criteria in the said at least 
one algorithm consists of the sustained high rate 
and rate stability criteria in the new algorithm. 

6. The improvement according to Claim 5, 
characterized in that the new algorithm is: 

55 high rate and sudden onset and rate stability 
OR 

sustained high rate and rate stability. 

7. In a method for detecting and treating ven- 
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tric'oiar tachyhyihrriias of a patient's heart, char- 
acterized in 'hat the method includes the steps of 
selectively dividing the heart rate continuum into 
retjicns including at least two classes oi tachycar- 
dia, ccntiguous to each other and of progressively 5 
higher heart rate ranges, the lowest and highest of 
the tachycardia classes being bounded respective- 
ly by c sinus rate region and a fibrillation region of 
the contiuum; 

seiectiveiy adjusting the boundaries between the io 
tachycardia classes and between the lowest and 
highest of those classes and the respective sinus 
rate and fibnliation regions, to correspondingly ad- 
just the rate ranges of the classes in a desired 
manner: '5 
selectively detecting cardiac events anywhere with- 
in the continuum and distinguishing between nor- 
mal and abnormal tachycardias among the de- 
tected events; 

and selectively treating a detected abnormal 20 
tachycardia with any of a multiplicity of therapy 
regimens of diftering degrees of aggressiveness, 
toward terminating the detected tachycardia: 
improvement comprising the further step, during 
selectively detecting cardiac events, of preventing 25 
the classification of a ventricular response to atrila 
fibrillation as a reentrant ventricular tachycardia. 

a. The method of Claim 7, wherein the step of 
seiectiveiy detecting cardiac events includes estab- 
^isi^ing criteria to detect ventricular tachycardias 30 
including high rate, sudden onset of the high rate, 
stability of the high rate, and sustained high rate. 

9. The method of Claim 8, wherein the step of 
detecting cardiac events further includes selective- 
ly establishing algorithms from said criteria. 35 
wherein at least one of said algorithms classifies 
ventricular cardiac events as reentrant tachycardias 
based on whether the event satisfies a portion of 

the said at least one algorithm consisting solely of 
the sustained high rate criterion or another portion uo 
of the said at least one algorithm consisting of one 
or more of said criteria other than sustained high 
rate. 

10. The method of Claim 9. wherein the step of 
preventing classification comprises selectively es* 45 
tablishing a new algorithm corresponding to said at 
least one algorithm except that the portion consist- 
ing solely of the sustained high rate criteria in the 

said at least one algorithm consists of the sus- 
tained high rate and rate stability criteria in the new so 
algorithm. 

1 1. The method of Claim 10. wherein the new 

algorithm is: 

high rate and sudden onset and rate stability 

OR 55 

sustained high rate and rate stability. 
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